PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa) Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ? : 




(11) International Publication Number: 


WO 00/30034 


G06T 1/60 


Al 










(43) International Publication Date: 


25 May 2000 (25.05.00) 



(21) International Application Number: PCT/US99/26320 

(22) International FUlng Date: S November 1999 (08.11.99) 



(30) Priority Data: 
09/192,616 



1 6 November 1 998 ( 16. 1 1 .98) US 



(71) Applicant: CONEXANT SYSTEMS, INC. [US/US]; 4311 

Jamboree Road, Newport Beach, CA 92660-3095 (US). 

(72) Inventors: HONARY, Hooman; 101 Scholz Plaza, PH#17, 

Newport Beach, CA 92663 (US). MOSKALEV, Anatoly; 
Apartment 34C, 3900 Parkview Lane, Irvine, CA 92612 
(US). 

(74) Agent: SHORT, Shayne, X.; Akin, Gump, Strauss, Hauer & 
Feld, LLP, Suite 1900, 816 Congress Avenue, Austin, TX 
78701 (US). 



(81) Designated States: CN, JP, European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU. MC, NL, PT, 
SE). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TWO-DIMENSIONAL DIRECT MEMORY ACCESS TO MAXIMIZE PROCESSING RESOURCES IN IMAGE PROCESS- 
ING SYSTEMS 



(57) Abstract 

A two-dimensional direct memory access system that maxi- 
mizes processing resources in image processing systems. The present 
invention includes a two-dimensional direct memory access machine. 
Also, it employs a ping-pong style memory buffer to assist in the 
transfer and management of data. In certain applications of the in- 
vention, the type of data used by the invention is image data. The 
two-dimensional direct memory access machine transfers a specific 
cross sectional area of the image data to a processor. The efficient 
method of providing the processor only with the specific cross sec- 
tional area of the image data that is to be processed at a given 
time provides decreased processing time and a better utilization of 
processing resources within the two-dimensional direct memory ac- 
cess system. The present invention may be contained in a variety 
of image processing systems operating as either a peripheral or a 
stand alone device including but not limited to color photo-copy 
machines, color facsimiles, color printers, black and white print- 
ers, digital cameras, and digital printers. In certain embodiments, 
the two-dimensional direct memory access system exchanges image 
data between random access memory and a digital signal processor 
using the two-dimensional direct memory access machine and the 
ping-pong styie memory buffer. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

TWO-DIMENSIONAL DIRECT MEMORY ACCESS TO MAXIMIZE 
PROCESSING RESOURCES IN IMAGE PROCESSING SYSTEMS 



SPECIFICATION 
Background 

1. Technical Field 

The present invention relates generally to data management; and, more 
particularly, it relates to image data management and transfer within image 
processing systems. 

2. Description of Prior Art 

Conventional data management systems typically employ a cache memory in 
between a processor and random access memory to overcome the operating 
frequency mismatch between the two devices which inevitably slows processing 
rates. In data management systems that employ a significant amount of random 
access memory, relatively long electrical traces are often required to interconnect the 
various elements. Long traces that connect various elements within data 
management and communication systems suffer from deleterious capacitance 
thereby greatly limiting maximum data transfer rates. Typical maximum operating 
frequencies with respect to data transfer are in the tens of megahertz range for 
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random access memory and in the hundreds of megahertz range and greater for 
modem processors. Modem digital signal processors typically provide some of the 
highest operating frequencies in the art. 

The traditional solution of installing expensive cache memory in between the 
random access memory and the processor is an intrinsically expensive solution to 
avoid the mismatch of operating frequencies given the high cost of cache memory. 
Low cost systems particularly suffer from this limitation in that very little, if any, 
cache memory is typically installed because of the relatively high cost associated 
with it. This high cost associated with cache memory prohibits the use of the 
traditional solution in many low cost applications. The types of applications that can 
justify utilizing cache memory are typically systems that have a very generous 
system budget with sufficient margin to accommodate the expensive cache memory. 
Absent an implementation of some solution such as the introduction of cache 
memory the operating frequency mismatch between the memory and the processor, a 
data transfer bottleneck occurs between the processor and the memory in such data 
management systems. 

Conventional image processing systems that employ cache memory to assist 
in data management suffer from other operational limitations. The typical method in 
which image data is stored in memory creates an additional difficulty for traditional 
methods of data management in that the data are stored in a plurality of one- 
dimensional arrays coordinated by a common addressing scheme. While this 
traditional approach is sufficient to keep track of the data for later retrieval and use, 
the data are undesirably partitioned in a manner that precludes efficient processing 



2 



WO 00/30034 



PCT/US99/26320 



on a two-dimensional subset of the data. A difficulty arises in image processing 
where only a predetermined two-dimensional cross sectional area is to be processed. 
For example, in many applications, modification of only a specific portion of an 
image is required. For these applications, the data management system must go into 
a whole host of individual one-dimensional arrays and extract only the requisite 
portion of data within each individual one-dimensional array to assemble the 
predetermined two-dimensional cross sectional area that is to be processed. 
Conventional data management systems that perform this extraction function are ill- 
suited to perform high speed image processing. 

Further limitations and disadvantages of conventional and traditional systems 
will become apparent to one of skill in the art after reviewing the remainder of the 
present application with reference to the drawings. 



3 



WO 00/30034 PCT/US99/26320 

SUMMARY OF THE INVENTION 
Various aspects of the present invention can be found in a data management 
system that maximizes processing resources in image processing systems. A two- 
dimensional direct memory access system performs efficient transfer of a plurality of 
image data to a memory where it is then processed using a processor. The effective 
provision of the two-dimensional portion of a plurality of image data to the processor 
provides significantly reduced processing times than provided by conventional data 
management and processing systems. 

In certain embodiments of the invention, the two-dimensional direct memory 
access system contains a two-dimensional direct memory access machine that 
operates cooperatively with a ping-pong memory buffer to maximize further the 
processing efficiency of the plurality of image data. The two-dimensional direct 
memory access machine transfers a specific cross sectional area of the plurality of 
image data to the processor. The efficient method of providing the processor only 
with the specific cross sectional area of the plurality of image data that is to be 
processed at a given time provides decreased processing time and a better utilization 
of processing resources within the two-dimensional direct memory access system. 

Other aspects, advantages and novel features of the present invention will 
become apparent from the following detailed description of the invention when 
considered in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a system diagram illustrating an embodiment of a data management 
system built in accordance with the present invention that transfers two-dimensional 
data to a processor. 

Fig. 2 is a system diagram illustrating another embodiment of a data 
management system built in accordance with the present invention that transfers two- 
dimensional data to a processor. 

Fig. 3 is a functional block diagram illustrating a data management method 
performed in accordance with the present invention. 

Fig. 4a is a system diagram illustrating an embodiment of a data management 
system built in accordance with the present invention that transfers two-dimensional 
data to a processor using a ping-pong memory buffer. 

Fig. 4b is a system diagram depicting the data management system of Fig. 4a 
operating at a different point in time. 

Fig. 5 is a system diagram illustrating a specific embodiment of a ping-pong 
memory buffer built in accordance with the present invention. 
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DETAILED DESCRIPTION OF DRAWINGS 

The present invention operates within image processing systems that perform 
processing of a predetermined two-dimensional cross sectional area that is selected 
from a plurality of image data. It includes a data management system capable of 
performing high speed, efficient interfacing between a processor and a memory that 
stores a plurality of image data without the use of expensive cache memory. The 
invention is useful in a variety of applications, and it is especially well-suited for 
performing within image processing systems. 

A data management system selects a predetermined two-dimensional cross 
sectional area from among the plurality of image data and transfers it to a processor. 
Such intelligent data transfer provides a data management system that minimizes the 
operating frequency mismatch that typically limits the maximum operational speed 
of conventional systems. The present invention provides an effective solution to the 
bottleneck commonly occurring between the processor and the memory of traditional 
data management systems. 

Fig. 1 is a system diagram illustrating an embodiment of a data management 
system 100 built in accordance with the present invention that transfers two- 
dimensional data to a processor. A two-dimensional direct memory access machine 
110 operates to direct the transfer of a plurality of two-dimensional data 140 to a 
memory 120. The plurality of two-dimensional data 140 is then extracted from the 
memory 120 to be processed by a processor 130. Once the plurality of two- 
dimensional data 140 has been processed by the processor 130, it is returned to the 
memory 120. The two-dimensional direct memory access machine 110 then operates 
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to return the plurality of two-dimensional data 140 to its original location and 
subsequently selects another plurality of two-dimensional data (not shown) for 
transferring to the memory 120 using the two-dimensional direct memory access 
machine 110 and perform processing on the another plurality of two-dimensional 
data. 

In certain embodiments of the invention, the plurality of two-dimensional 
data 140 is a subset of another plurality of two-dimensional data (not shown). The 
two-dimensional direct memory access machine 110 selects the subset from the 
another plurality of two-dimensional data and transfers it to the memory 120 for 
processing by the processor 130. Subsequently, after the subset is returned to its 
original position after processing, another subset is selected from the another 
plurality of two-dimensional data. Various subsets of the another plurality of two- 
dimensional data are sequentially processed until the entirety of the another plurality 
of two-dimensional data is processed. 

In certain embodiments, the processor 130 is a digital signal processor and 
the memory 120 is random access memory. In other embodiments, the memory 120 
is partitioned among a plurality of devices which all operate cooperatively to perform 
the storing and providing of the plurality of two-dimensional data 140 to the 
processor 130. 

Fig. 2 is a system diagram illustrating another embodiment of a data 
management system 200 built in accordance with the present invention that transfers 
two-dimensional data to a processor. In particular, Fig. 2 illustrates a specific 
embodiment of the data management system 100 as described in Fig. 1 wherein a 
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plurality of pluralities of two-dimensional data arrays are interfaced with a plurality 
of processors. Each of the processors has a dedicated memory. Similar to the data 
management system 100, the two-dimensional direct memory access machine 110 
operates to direct the transfer of a plurality of two-dimensional data 140 to a memory 
120. However, additional operation is provided by the two-dimensional direct 
memory access machine 110 that is employed in the data management system 200. 
The two-dimensional direct memory access machine 110 operates to perform data 
transfer of multiple pluralities of two-dimensional data 140 and 240 to a plurality of 
memories 120 and 220. The two-dimensional direct memory access machine 110 
provides the plurality of two-dimensional data 240 to a memory 220. The processor 
130 processes the plurality of two-dimensional data 140 that is temporarily stored in 
the memory 120. Similarly, the processor 230 processes the plurality of two- 
dimensional data 240 that is temporarily stored in the memory 220. 

In certain embodiments of the present invention, the two-dimensional direct 
memory access machine 110 transfers only a subset of each of the pluralities of two- 
dimensional data 140 and 240 to the pluralities of memory 120 and 220. The 
combination of the processor 130 and the memory 120 serve only to process the 
plurality of two-dimensional data 140, but only a subset of the plurality of two- 
dimensional data 140 is processed at any given time. Similarly, the combination of 
the processor 230 and the memory 220 serve only to process the plurality of two- 
dimensional data 240, but only a subset of the plurality of two-dimensional data 240 
is processed at any given time. 
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In other embodiments of the present invention, the two-dimensional direct 
memory access machine 110 transfers the pluralities of two-dimensional data 140 
and 240 to the pluralities of memory 120 and 220 in an intelligent manner to 
optimize the processing resources provided by the memories 120 and 220. When the 
processor 130 is finished processing the two-dimensional data 140 that are stored in 
the memory 120 and the processor 230 has not yet finished processing the two- 
dimensional data 240 that are stored in the memory 220, two-dimensional direct 
memory access machine 110 transfers the unprocessed portion of the two- 
dimensional data 240 that are stored in the memory 220 into the memory 120 for 
processing using the processor 130. 

This distributed and flexible approach provides additional operational 
performance in that not only does the two-dimensional direct memory access 
machine 110 select and transfer a two-dimensional portion of data to a memory for 
processing by at least one of a plurality of processors, but the at least one processor 
experiences virtually no processing down time. If a given processor has finished 
with the processing that it has been assigned, it does not sit idle but rather is provided 
with additional data that is to be processed by the two-dimensional direct memory 
access machine 110. 

Other permutations and variations of transferring data that are selected from a 
number of pluralities of data to a plurality of processors utilizing the two- 
dimensional direct memory access machine 1 10 as described in the data management 
system 200 are envisioned within the scope and spirit of the invention. 
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Fig. 3 is a functional block diagram illustrating a data management method 
300 performed in accordance with the present invention. In a block 310, a two- 
dimensional data array is partitioned into a plurality of two-dimensional sub-arrays. 
In a block 320, at least one characteristic of at least one two-dimensional sub-array is 
analyzed. In a decisional block 330, it is determined whether or not the at least one 
two-dimensional sub-array is to be processed. If, after analysis of the at least one 
characteristic of the at least one two-dimensional sub-array, it is determined that the 
at least one two-dimensional sub-array is not to be processed, then at least one 
additional two-dimensional sub-array is selected in a block 340. At least one 
characteristic of the at least one additional two-dimensional sub-array is analyzed in 
the block 320. If it is then determined in the block 330 that the at least one additional 
two-dimensional sub-array is to be processed, the at least one additional two- 
dimensional sub-array is loaded into a memory in a block 350. The at least one 
additional two-dimensional sub-array is processed in a block 360 and returned to the 
two-dimensional data array in a block 370. Another at least one additional two- 
dimensional sub-array is analyzed in the block 320 if all of the two-dimensional data 
array has not yet been processed. 

In certain embodiments of the invention, the loading of the at least one 
additional two-dimensional sub-array into the memory in the block 350 is performed 
using the two-dimensional direct memory access machine 1 10 and the memory 120 
in the data management system 100 in Fig. 1. The processing performed in the block 
360 is performed using the processor 130, and the returning of the processed data to 
the two-dimensional data array in the block 370 is performed using the two- 
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dimensional direct memory access machine 110. In other embodiments of the 
invention, the data management method 300 is performed using either the distributed 
or subset manner described above with respect to the data management system 200. 
Other hardware configurations capable of performing the data management method 
300 are envisioned within the scope and spirit of the invention. 

Fig. 4a is a system diagram illustrating an embodiment of a data management 
system 400 built in accordance with the present invention that transfers a two- 
dimensional data array 430 to a processor 130. The data management system 400 
uses a two-dimensional direct memory access machine 420 and a ping-pong memory 
buffer 410 to perform the transferring of the two-dimensional data array 430. The 
ping-pong memory buffer 410 is partitioned into at least two sub-buffers, each sub- 
buffer being further partitioned into an in sub-buffer and an out sub-buffer. The 
ping-pong memory buffer 410 transfers some data to the processor 130 from a first 
sub-buffer while it receives additional data into a first sub-buffer. This parallel 
operation ensures that the processor 130 is processing data virtually all of the time 
thereby providing a more efficient method of managing data. 

The two-dimensional direct memory access machine 420 transfer the two- 
dimensional data array 430 into the in sub-buffer of at least one of the partitions of 
the ping-pong memory buffer 410. The two-dimensional data array 430 is then 
moved into the processor 130 for processing and is moved back'to the out sub-buffer 
of the at least one of the partitions of the ping-pong memory buffer 410. The two- 
dimensional direct memory access machine 420 then transfers the two-dimensional 
data array 430, after it has been processed, back to its original position. 
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In certain embodiments of the invention, the two-dimensional data array 430 
is partitioned into a number of two-dimensional data sub-arrays. Only one two- 
dimensional data sub-array is transferred to the in sub-buffer of a first partition of the 
ping-pong memory buffer 410 at a time. Simultaneously, a second sub-array, which 
was previously transferred to the in sub-buffer of a second partition of the ping-pong 
memory buffer 410, is being processed by the processor 130. After it is processed, it 
is transferred to an out sub-buffer of the second partition of the ping-pong memory 
buffer 410. Also performed simultaneously is the transfer of a third two-dimensional 
data sub-array that has been processed and is stored in the out sub-buffer of the other 
partition of the ping-pong memory buffer 410 to its original position using the two- 
dimensional direct memory access machine 420. 

In certain embodiments of the invention, the two-dimensional data array 430 
is partitioned into a number of two-dimensional data sub-arrays, and a first, a second, 
and a third two-dimensional data sub-array are all selected from the two-dimensional 
data array 430. The first two-dimensional data sub-array is transferred to an in sub- 
buffer of a first partition of the ping-pong memory buffer 410 using the two- 
dimensional direct memory access machine 420. The second two-dimensional data 
sub-array is already stored in an in sub-buffer of a second partition of the ping-pong 
memory buffer 410. The second two-dimensional data sub^array is transferred to the 
processor 130 for processing and is subsequently transferred to an out sub-buffer of 
the second partition of the ping-pong memory buffer 410. The third two-dimensional 
data sub-array is a two-dimensional data sub-array that has already been processed 
by the processor 130 and is stored in an out sub-buffer of the first partition of the 
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ping-pong memory buffer 410. The third two-dimensional data sub-array is 
transferred to the two-dimensional data array 430 using the two-dimensional direct 
memory access machine 420. 

Fig. 4b is a system diagram depicting another embodiment of a data 
management system 450 built in accordance with the data management system 400 
of Fig. 4a. From one perspective, the data management system 450 is data 
management system 400 viewed when operating at a different point in time. The 
two-dimensional data array 430 is partitioned into a number of two-dimensional data 
sub-arrays, and a second, a third, and a fourth two-dimensional data sub-array are all 
selected from the two-dimensional data array 430. The second two-dimensional data 
sub-array is transferred to an in sub-buffer of the second partition of the ping-pong 
memory buffer 410 using the two-dimensional direct memory access machine 420. 
The third two-dimensional data sub-array is already stored in an in sub-buffer of a 
first partition of the ping-pong memory buffer 410. The third two-dimensional data 
sub-array is transferred to the processor 130 for processing and is subsequently 
transferred to an out sub-buffer of the first partition of the ping-pong memory buffer 
410. The fourth two-dimensional data sub-array is a two-dimensional data sub-array 
that has already been processed by the processor 130 and is stored in an out sub- 
buffer of the second partition of the ping-pong memory buffer 410. The fourth two- 
dimensional data sub-array is transferred to the two-dimensional data array 430 using 
the two-dimensional direct memory access machine 420. 

In certain embodiments of the invention, the data management system 450 
and the data management system 400 are demonstrative of a data management 
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system that performs processing of a plurality of image data in a sequential manner 
that selects various two-dimensional data sub-arrays selected from a two-dimensional 
data array. One two-dimensional data sub-array is processed after another until the 
entire two-dimensional data array is processed. 

Fig. 5 is a system diagram illustrating a specific embodiment of a ping-pong 
memory buffer 500 built in accordance with the present invention. Similar to the 
ping-pong memory buffer 410 described in Figures 4a and 4b, the ping-pong 
memory buffer 500 contains at least two sub-buffers wherein each sub-buffer is 
further partitioned into an in and an out sub-buffer. The ping-pong memory buffer 
500 contains a plurality of sub-buffers which may be used to perform the data 
transfer to a processor 130 in an intelligent manner that minimizes the down time of 
the processor 130. An in sub-buffer 520 and an out sub-buffer 510 form a sub-buffer 
within the ping-pong memory buffer 500. Similarly, An in sub-buffer 540 and an out 
sub-buffer 530 form at least one additional sub-buffer within the ping-pong memory 
buffer 500. 

Those having skill in the art will recognize that any number of sub-buffers 
may be included within the ping-pong memory buffer 500 without departing from 
the scope and spirit of the invention. In certain embodiments of the invention, any 
number of sub-buffers may be employed within the ping-pong memory buffer 500 to 
assist in the transfer and management of data within the data management systems 
100, 200, 400, and 450. Similarly, the ping-pong memory buffer 500 may be used to 
assist in performing perform the data management method 300 described in Fig. 3. 
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In view of the above detailed description of the present invention and 
associated drawings, other modifications and variations will now become apparent to 
those skilled in the art. It should also be apparent that such other modifications and 
variations may be effected without departing from the spirit and scope of the present 
invention. 
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CLAIMS 

What is claimed is: 

1. A two-dimensional direct memory access system that maximizes 
processing resources in image processing systems, the two-dimensional direct 
memory access system comprising: 

a two-dimensional direct memory access machine capable of transferring at 
least one plurality of data, the at least one plurality of data having substantially two- 
dimensional characteristics; and 

at least one processor in signal communication with the two-dimensional 
direct memory access machine. 

2. The two-dimensional direct memory access system of Claim 1 , further 
comprising: 

at least one memory buffer for storing the at least one plurality of data; 

the at least one memory buffer delivers at least a portion of the at least one 
additional plurality of data to the at least one processor; and 

the at least one memory buffer receives the at least a portion of the at least 
one plurality of data from the at least one processor. 

3. The two-dimensional direct memory access system of Claim 1, further 
comprising a ping-pong buffer to assist in the transferring of the at least one plurality 
of data. 
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4. The two-dimensional direct memory access system of Claim 1, 
wherein: 

the at least one plurality of data is selected from a data array; 

further comprising at least one memory buffer which receives the at least one 
plurality of data from the data array; and 

the at least one memory buffer transfers the at least one plurality of data to 
the data array. 

5. The two-dimensional direct memory access system of Claim 1, 
wherein the plurality of data having substantially two-dimensional characteristics 
comprises image data. 

6. The two-dimensional direct memory access system of Claim 1, 
wherein the two-dimensional direct memory access machine and the at least one 
processor are contained within a multi-function peripheral. 

7. The two-dimensional direct memory access system of Claim 1, 
wherein the two-dimensional direct memory access machine and the at least one 
processor are contained within a stand alone device. 
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8. The two-dimensional direct memory access system of Claim 1, 
wherein the at least one plurality of data possess at least one characteristic; and 

the at least one characteristic of the at least one plurality of data determines 
whether the at least one processor operates on the at least one plurality of data. 

9. The two-dimensional direct memory access system of Claim 1, 
wherein the at least one processor comprises a digital signal processor. 

10. A two-dimensional direct memory access system that maximizes 
processing resources in image processing systems, the two-dimensional direct 
memory access system comprising: 

a two-dimensional direct memory access machine capable of transferring at 
least one plurality of data, the at least one plurality of data having substantially two- 
dimensional characteristics, the at least one plurality of data being selected from a 
plurality of data; 

at least one memory buffer for storing the at least one plurality of data, the at 
least one memory buffer being in signal communication with the two-dimensional 
direct memory access machine, the two-dimensional direct memory access machine 
shares the at least one plurality of data to the at least one memory buffer; and 

at least one processor that operates on the at least one plurality of data, the at 
least one processor being in signal communication with the two-dimensional direct 
memory access machine, the at least one memory buffer shares the at least one 
plurality of data to the at least one processor. 
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11. The two-dimensional direct memory access system of Claim 10, 
further comprising at least one additional two-dimensional direct memory access 
machine that operates jointly with the two-dimensional direct memory access 
machine for transferring the at least one plurality of data. 

12. The two-dimensional direct memory access system of Claim 10, 
wherein the at least one memory buffer is partitioned into a plurality of sub-buffers. 

13. The two-dimensional direct memory access system of Claim 10, 
wherein the plurality of data having substantially two-dimensional characteristics 
comprises image data. 

14. The two-dimensional direct memory access system of Claim 10, 
wherein the two-dimensional direct memory access machine; 

at least one memory buffer; and 

the at least one processor are contained within a multi-function peripheral. 

15. The two-dimensional direct memory access system of Claim 10, 
wherein the two-dimensional direct memory access machine; 

at least one memory buffer; and 

the at least one processor are contained within a stand alone device. 
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16. A method for maximizing processing resources in image processing 
systems comprising: 

selecting at least one plurality of data from a plurality of data; 

transferring the at least one plurality of data to at least one processor using a 
two-dimensional direct memory access machine, the at least one plurality of data 
having substantially two-dimensional characteristics; 

processing the at least one plurality of data using the at least one processor to 
generate a plurality of processed data; and 

returning the plurality of processed data to the plurality of data. 

1 7. The method for maximizing processing resources of Claim 1 6, further 
comprising storing the at least one plurality of data in at least One memory buffer 

18. The method for maximizing processing resources of Claim 16 being 
performed using a multi-functional peripheral. 

19. The method for maximizing processing resources of Claim 16 being 
performed using a stand alone device. 

20. The method for maximizing processing resources of Claim 16, 
wherein the at least one processor comprises a digital signal processor. 
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